HAP1 is an in vivo UBE3A target that augments autophagy in a mouse model of Angelman syndrome.
Angelman syndrome (AS) is a severe neurodevelopmental disorder caused by maternal mutation and paternal imprinting of the gene encoding UBE3A, an E3 ubiquitin ligase. Although several potential target proteins of UBE3A have been reported, how these proteins regulate neuronal development remains unclear. We performed a large-scale quantitative proteomic analysis using stable-isotope labeling of amino acids in mammals (SILAM) in mice with maternal Ube3a mutation. We identified huntingtin (Htt)-associated protein (HAP1), a protein that is involved in Huntington's disease (HD), as a new target of UBE3A. We demonstrate that HAP1 regulates autophagy at the initiation stage by promoting PtdIns3K complex formation and enhancing its activity. HAP1 also co-localized with MAP1LC3 (LC3) and other proteins involved in autophagosome expansion. As a result, HAP1 increased autophagy flux. Strikingly, knocking down of HAP1 alleviated aberrant autophagy in primary neurons from AS mice. Concordantly, treatment of AS neurons with an autophagy inhibitor alleviated the reduction in density of dendritic spines. Furthermore, autophagy inhibition in AS mice partially alleviated a social interaction deficit as shown in open field test. Thus, our results identify HAP1 as an in vivo UBE3A target that contributes to deregulated autophagy and synaptic dysfunction in the central nervous system of AS mouse.